oil are of multi-purpose: diuretic, antiseptic, digestive, stomachic, antireuma thic, etc. (Yarnell, 2002) . Antimicrobial (antibacterial and antifungal) activity of the oil was studied in vitro and many data on this issue point out on a strong antimicrobial activity that could be of interest in medicine and other fields (Filipowitz et al., 2003; Stassi et al., 1995; Emami et al., 2007; Pepeljnjak et al., 2005; Asili et al., 2008; Kumar et al., 2009; Miceli et al., 2009; Glisic et al., 2007; Öztürk et al., 2010; Consentino et al., 2003) . Juniper oils are used in production of medicinal products with diuretic and antiseptic activity than in food industry, production of alcohol beverages, cosmetic and perfume production, etc.
The yield and the composition of the essential oils of the juniper berries depends on the geographical origin of
Materials and methods

Plant material
The samples of the ripe juniper berries were collected in a late autumn in 2010 on different locations in Republic of Macedonia. The samples were labeled with marks JC1-JC15, relating to the name of the nearest city or name of mountain where the collections were made: JC1 -Mavrovo (1); JC2 -Skopje; JC3 -Resen; JC4 -Demir Hisar; JC5 -Prilep, JC6 -Karaorman Mtn.; JC7 -Kicevo (1); JC8 -Kicevo (2); JC9 -Debar; JC10-Mavrovo (2); JC11 -Kicevo (3); JC12 -Jakupica Mtn., JC13 -Pelister Mtn., JC14 -Bistra Mtn.; JC15 -Makedonski Brod. Thirteen samples originated from south-western part of the country and two of them were collected from north-central part (Skopje and Jakupica Mtn.). All samples were left to air dry and then put in a paper bags and stored at cool, dry and dark place, until analysis.
Distillation of the essential oils
The essential oils were isolated by steam-distillation in a Clevenger-type apparatus using the method from European Pharmacopoeia (Ph. Eur. 7). The oils were dried over anhydrous sodium sulfate and stored in vials under refrigeration prior to analysis.
GC/FID/MS analyses
Essential oil samples were analyzed on Agilent 7890А Gas Chromatography system with flame ionization detector (FID), and Agilent 5975C mass spectrometer (MS) also equipped with capillary flow technology which enables simultaneous analysis of the sample on both detectors. HP5ms (30 m x 0.25 mm, film thickness 0.25 µm) capillary column was used. Operating conditions were as follows: oven temperature 60 °C (5 min), 1 °C/min to 80 °C (2 min); 5 °C/min 280 °C (5 min); flow rate of 1ml/min (He); injector T=260 °C; FID T= 270 °C; 1 µl injection volume at split ratio 1:1.
The mass spectrometry conditions were: ionization voltage 70 eV, ion source temperature 230 °C, transfer line temperature 280 °C and mass range from 50-500 Da. The MS was operated in scan mode. Identification of the components present in essential oils was made by comparing mass spectra of components in essential oils with those from Nist, Wiley and Adams mass spectra libraries, by AMDIS (Automated Mass Spectral Deconvolution and Identification System) and by comparing literature and estimated Kovat′s (retention) indices that were determined using mixture of homologous series of normal alkanes from C 9 to C 25 in hexane, under the same above mentioned conditions.
The percentage ratio of essential oils components was computed by the normalization method of the GC/FID peak areas and average values were taken into further consideration (n=3).
Results and discussion
Chemical composition of the essential oils
By the means of GC/FID/MS method, all 15 juniper oil samples were analyzed and 74 different components were indentified, representing 91.08 -99.83% of the entire oils (Table 1) . Monoterpene components were presented in larger amounts in all samples of the oils than sesquiterpenes (Fig. 1.) . Beside mono and sesquiterpenes, small amounts of few non-terpene components were identified, such as undecanone-2 and tricycle ne (Table 1) .
Terpene hydrocarbons represented the most significant part of the oil rather than oxygen containing terpenes (Fig.  2. ). Predominate fraction was monoterpene hydrocarbons, representing the most abundant fraction in all oil samples, ranging from 39.11% (JC13) to 78.38% (JC14) (Fig. 3) .
In the monoterpene hydrocarbons fractions dominated components were: α-pinene (15.59 JC9 -43.19% JC14), β-pinene (1.65 JC9 -5.35 % JC14), β-myrcene (2.89 JC5 -26.50% JC6), sabinene (2.80 JC5 -11.77% JC6) and limonene (2.90 JC4 -4.46% JC2). The oxygen containing monoterpenes were present only from 2.24% (JC3) -8.00% (JC9) in all samples. The most abundant was terpene-4-ol, in traces and up to 6.32 % (JC9) followed by α-ter pineol (0.18 JC3-1.63% JC3).
The sesquiterpene hydrocarbons were present from 17.45% (JC14) to 42.25% (JC14) in all samples (Fig. 3.) . The predominant components were: germacrene D (2.76 JC14-10.22% JC7); β-ele mene (1.13 JC14-3.40% JC7) and trans-(E)-caryophyllene (1.8 JC10-4.05% JC5). The oxygen containing sesquiterpenes have appeared with 0.59% (JC3) to 5.76% (JC13). The component α-cadinol varied from 0.03 % (JC4) to 1.13 % (JC13). The mixture τ-murolol+τ-cadi nol were presen ted from 0.07 % (JC15) to 1.74% (JC13) ( Table 1) . Analysis of the obtained essential oils from juniper berries from R. Macedonia revealed a great variability in the chemical composition. Considering the components which are required for the quality assessment of juniper oil by European Pharmacopeia monograph, variability in the content of α-pinene, myrcene, sabinene, limonene and β-pinene occur in huge range (Table 1 and 2) .
Evaluation of the chemical composition and the content of selected components in the investigated essential oils showed that twelve Macedonian samples comply with Ph. Eur. 7 requirements (α-pinene 20-50%; myrcene 1-35.5%, sabinene < 20%, limonene 2-12%; β-pinene 1-12%; trans (E) caryophyllene < 7%; terpinen-4-ol 0.5-10%; bornyl acetate < 2% and α-phellandrene < 1%). However, three oil samples obtained from the berries from Karaorman (JC6), Kicevo (1) (JC7) and Debar (JC9) contained insufficient amount of α-pinene (18.62%, 18.32% and 15.59%, respectively) nevertheless the amounts of other components were satisfactory. Eventually prepared mixture of equal parts of all fifteen investigated juniper oils, mix oil, should have average percentages of the components that comply with the Ph. Eur. 7 requirements for chemical composition quality (Table 2 ). This could be a solution for solving problems that appeared on chemical composition of the juniper essential oil from berries originated from different areas of collection. However, for complete assessment of the quality of the Macedonian juniper oils requires further analysis on several physical and chemical characteristics of the oils, set under the section tests as well as other features of the oil mentioned in the Juniper oil monograph.
Differences and the variability in the oil composition of juniper essential oils were reported for the oils originated from different regions in Europe and in America. The main constituents of the oils are pinenes, mostly α-pinene which could be present in a wide range, from 27% in the Greek samples (Chatzopoulou and Katsiotis, 1993) and up to 46,63% in the Iranian samples (Rezvani, 2010) .
Other important components such as sabinene, germacrene D, myrcene, β-pinene and limonene were found in higher amounts in juniper oil (Chatzopoulou and Katsiotis, 1993; Orav et al., 2010; Pepeljnjak et al., 2005) . Terpine-4-ol is an important constituent of juniper oil, usually considered to be responsible for the diuretic effect of the oil. Its content in juniper oil can be variable and it was attained in small amount of 1.37% in Greek samples and 2.86% in samples from Iran (Chatzopoulou and Katsiotis, 1993; Rezvani, 2010) .
Conclusion
GC/FID/MS analysis of the chemical composition of fifteen samples of juniper essential oils from berries of wild growing juniper in Republic of Macedonia revealed 74 identified components that represent 91.08-99.83% of all of the samples. The predominant fraction of the oils was monoterpene hydrocarbons representing 39.11-73.38%. Great variability in the chemical composition and especially in the content of some components was observed. The most variable were α-pinene (15.59-43.19%), β-pinene (1.65%-5.35%), β-myrcene (2.89%-26.50%), sabinene (2.80-11.77%), and limonene (2.90-4.46%). In the fraction of oxygen containing monoterpenes the most abundant was terpene-4-ol, in traces and up to 6.32% followed by α-ter pineol (0.18-1.63%). In the fraction of sesquiterpene the predominant components were: germacrene D (2.76-10.22%), β-ele mene (1.13-6.40%) and trans-(E)-caryophyllene (1.8%-4.05%). Assessment of the chemical composition quality of the oils in accordance with the European Pharmacopoeia monograph of juniper oil showed that twelve Macedonian samples comply with Ph. Eur. 7 requirements and three samples possess lower amounts of α-pinene, under the requested level of min 20%. 
